We have initiated a program at Los Alamos to measure cross sections for the charged-particle reactions D(t,n)4He, T(t,2n)4He, D(d,n)3He, and D(d,p)T that are fundamental to the understanding of controlled thermonuclear fusion. Interest in these processes is primarily in the region below 100-keV bombarding energy, and accordingly the design range for the measurements is 10-120 keV. Our desired accuracy is 5% or Fig. 1 , and a photograph of the apparatus appears as Fig. 2 .
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Summary
We have initiated a program at Los Alamos to measure cross sections for the charged-particle reactions D(t,n)4He, T(t,2n)4He, D(d,n)3He, and D(d,p)T that are fundamental to the understanding of controlled thermonuclear fusion. Interest in these processes is primarily in the region below 100-keV bombarding energy, and accordingly the design range for the measurements is 10-120 keV. Our desired accuracy is 5% or less, compared with present systematic uncertainties of up to 50%. The experiment features a negative ion source and highly stable injector for the low-energy beam, measurement of beam intensity with a precision calorimeter, a windowless cryogenic target, calibration of the target density with a high-energy Van Fig. 1 , and a photograph of the apparatus appears as Fig. 2 .
10-120 keV Ion Beam
The dual-polarity ion source and injector system was built by General lonex Corporation to LASL specif ications. The beam originates in a standard duoplasmatron and 30-kV extraction lens, which can be operated to extract either positive or negative ions. This beam is focused by a 14-cm-diameter einzel lens through a crossed-field analyzer to a crossover at the top of an accelerating column. In the negative-ion mode, the crossed-field analyzer sweeps out the intense electron beam that accompanies the negative ions from the source, reducing current drain on the acceleration HV power supply and eliminating much of the x-ray hazard that would be generated by accelerting electrons to high energy. In the positive-ion mode, the di-and tri-atomic molecular ions are rejected by the crossed-field analyzer, not only reducing the load current on the HV power supply, but also minimizing the gas escaping from the terminal region. This is important for the differential pumping system described later. The accelerating tube is a low-gradient multielectrode structure providing low optical-strength coupling to ground potential. The When the injector is shut down, the gas is directed to a cryogenic collection system where the tritium is absorbed in charcoal-filled cylinders kept in dewars of liquid nitrogen. For periods when tritium is not being used, the vacuum exhaust from the collection system is directed through a mechanical forepump and bellows pump to a 10-meter-high stack, where it is combined with ventilation exhaust and continuously monitored for tritium.
Vacuum systems at the inflection magnet and on the target chamber are similar, but since these are at ground potential the vacuum exhaust goes directly to the collection system. The Hg booster pumps permit pressure in the charcoal traps to rise to 20 Torr before requiring replacement. In addition to the turbomolecular pumping, gas from the windowless target is' pumped cryogenically on surfaces in the target cooled to 4K by liquid helium.
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GAS TARGI COLD -s SURFACES
A gas target with windowless beam entrance and exit ports is employed in order to reduce the uncertainty in beam energy that would be introduced by a foil window or solid target. The target cell is cooled to near hydrogen liquification temperature, increasing target density to about 1016/cm3 and reducing leakage from the open ports. Surfaces maintained at 4K by a liquid helium dewar surround the target and pump the gas exiting from the ports. An 80K cylinder surrounds the pumping surfaces for thermal shielding.- Fig. 3 is a photograph of the target pot and cryogenic surfaces. Fig. 3 Photograph of components of the cryogenically-pumped target. The target pot on the right contains a buffer volume and ports for the beam and reaction particles. The long collimators define the scattering angles and are covered with thin foils to reduce gas leakage. The cylinder in the center is the 4K pumping surface, and on the left is the 70K heat shield. Fig. 4 . The fusion reactions under study all have large positive Q-values, which allow thin foils to be used over the detection ports to reduce gas leakage without appreciably slowing down the reaction products. Silicon surface-barrier detectors are mounted in a support ring that is cooled by a thermoelectric device. Both AE and E detectors can be used in coincidence in order to reduce backgrounds and aid in particle identification when necessary. This is more important for the high-energy experiment used for calibration than for the low-energy beam. Fig. 5 shows typical spectra obtained under the two beam-energy conditions. An on-line computer is used to store the spectra and record most of the experimental data.
Constant target density conditions are achieved by a flow system employing an automatic pressure controller on a buffer volume and a mechanical leak and digital flowmeter to regulate flow to the target.
Beam Calorimeter
Because of charge exchange in the target, the beam intensity must be measured with a calorimeter.
Our design follows that of Thomann and Panels (A) and (B) show particle spectra obtained at the lab angles 450 and 1500 when 10-MeV protons bombard deuterium gas. Panels (C) and (D) show particle spectra obtained at the lab angles 450 and 1500 when 100-keV deuterons bombard deuterium gas. Fig. 6 Beam calorimeter used to measure the lowenergy beam intensity. As a second check on the beam energy, and in order to investigate the total energy spread of the beam from the source as well as energy loss in the target gas, we are exploring a time-of-flight measurement using a pulsed laser. 4 The apparatus mounted behind the target in Fig. 2 Fig. 7 shows the data at 80 keV with a curve from a previous R-matrix evaluation of Hale and Dodder.5 For these results, the data are normalized to the curve by a single angleindependent factor. After further study and calibration using the d + d system we will accelerate tritons to measure d + t and finally flow tritium in the target to study the t + t reaction.
BEAM CALORIMETER
Future Experiments
We have been considering, and have had suggested to us by others, experiments to be performed with this apparatus after our work on basic fusion reactions is completed. In brief, some of the areas under consideration are: backscattering experiments for surface analysis, (t,n) and (d,n) studies on a variety of targets for diagnostic applications in magnetic fusion devices, experiments of astrophysical interest, and use of the laser capability to investigate a variety of atomic processes.
Walter Sondheim has been essential in the construction of the equipment. 
